
they could reduce the effect of falls on the
older adult population. El
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Carcinogens in Tobacco Smoke:
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Inrodudion

The particulate fraction of tobacco
smoke ("tar") is composed of a complex
mire of constituents,1'2 some of which
are regulated under environmental
legislation.3-6 One constituent is ben-
zo[a]pyrene (BaP), a polynuclear aromatic
hydrocarbon formed during the incomplete
combustion of organic matter such as gas-
oline, garbage, and plants. BaP has been
identified by the Intemational Agency for
Research on Cancer as an animal carcino-
gen and a probable human carcinogen
((lass 2A)7 with inhalation, oral ingestion,
and dermal absorption as the important
routes of entry.

Human data are unavailable, but oral
ingestion of about 7 to 9 mg of BaP per
kilogram has produced cancers in labora-
tory animals.8 With respect to tobacco
smoke, BaP has been detected in concen-
trations ranging from 20 to 40 ng per cig-
arette in mainstream cigarette smoke' to
40 to 79 ng per cigarette in sidestream
smoke1 and 96 to 292 ng per cigar in main-
stream cigar smoke.9

On January 1, 1989, the Tobacco
Products Control Act came into force in
Canada. One of the purposes of this leg-
islation is to "enhance public awareness
of the hazards oftobacco use by ensuring
the effective communication of pertinent
information to consumers of tobacco
products."10 To achieve this goal, the
Health Protection Branch of Health and
Welfare Canada has undertaken a series
of studies to develop and validate analyt-
ical test methods for toxic constituents.

In this paper we report on the BaP
delivery of 35 brands of commercially
available Canadian cigarettes and 5 brands
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of commercially available Canadian fine-
cut tobaccos for making roll-your-own
cigarettes.

Methods
Smoking Procedures and Sample
Collection

The 35 brands of cigarettes and 5
brands of fine-cut tobaccos were collected
at the retail level in March and April of 1989
in Montreal and Vancouver. Brands were
chosen to include some ofthe most popular
brands in the market, including Players
Light Regular Size (12.9%o market share),
ExportARegular Size (5.7% market share),
and Rothmans King Size (3.7% market
share).-1 The preparation of roll-your-own
cigarettes and the smoldng conditions for all
cigarettes are descrbed elsewhere.12

BaP was collected and analyzed ac-
cording to the method described by
Tomkins et al.13 In this procedure, 14C-

labeled BaP is added to each sample and
values, as determined by high-pressure
liquid chromatography (HPLC), are cor-
rected for "'C recovery.

Recovery Study

Five Canadian control cigarettes
(Monitor 4) were smoked per port on 10
randomly selected ports of a 20-port smok-
ing machine and the mainstream particu-
late fraction was collected on a Cambridge
filter pad, providing a total of 10 samples.

During cleanup, 100 Lld of tracer so-
lutionwas added to six ofthese samples at
six different steps before HPLC isolation
and 25 p,l of tracer solution was added to
two of the samples at two different steps
after isolation and before BPLC quantita-
tion. To determine 100%o recovery, two of
the samples were left unspiked (no tracer
solution added) until just prior to injection
onto the BPLC analytical column.

Validation Stwdy
Five Kentucky Reference 2R1 ciga-

retteswere smokedperporton lOrandomly
selected ports ofa 20-port smokigmachine
and the maeam tar was collected on a
Cambridge filter pad, resulting in another 10
samples. All samples were spiked with 100
pld of the tracer solution. Five of the pads
were further spiked with 107.6 ng of unla-
beled BaP. The workup then proceeded as
desCbed by Tomkins et al.13

Resms and Discussion
Recovery and Validation Studies

The recovery and validation studies
provide a measure of the precision, accu-
racy, and efficiency of the methods used.
Observed recovery rates of BaP were
100%o + 8%. During the course of the ex-
periment, the average recovery rate was
89% for the control cigarettes and 91% for
fine-cut tobacco cigarettes; these rates
were in good agreement with published re-
sults of85% BaP recovery.13 The results of
the validation study provided a value of
31.9 _ 3.7ngpercigarette for the unspiked
2R1 cigarette; thisvaluewas in good agree-
ment with published values of 32 ng per
cigarette9 and 28.4 ± 3.4ngpercigarette.13

Cigarette and Fine-Cut Tobacco
Studies

Table 1 shows declared pack values
for tar, nicotine, and carbon monoxide, and
values for BaP as determined in this study.
The results for BaP are averages of five
observations per brand (25 cigarettes). (Al-
though the current practice is to report
yields on a per-cigarette basis, it should be
pointed out that five cigarettes are required
for each analyfical value and the per-ciga-
rette yield is obtained by division.)

Mean values for BaP range from 3.36
ng per cigarette to 28.39 ng per cigarette
and are linearly related to declared tarval-
ues (correlation coefficient of 0.89 for all
samples). Because the reported values re-
flect smoke concentrations under stan-
dard conditions, the smoker of low-yield
cigarettes is probably exposed to higher
amounts than those reported in Table 1.

Figure 1 shows the results of a re-
gression analysis ofmean BaP on declared
tar. Although the simple linear correlation
coefficient is fairly high at .89, the points
are widely dispersed about the regression
line, resulting in broad 95% confidence
limits for the regression line. This means,
for example, that at 16mg declared tar, the
BaP level is predicted to lie between 15
and 28 ng per cigarette. Thus, although
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BaP is linearly related to declared tar, de-
clared tar is not a good predictor of BaP.

Table 2 shows declared tar, nicotine,
and carbon monoxide values and mean
analyticalBaPvalues for the fivebrands of
fine-cut tobaccos used in preparation of

July 1992, Vol. 82, No. 7

roll-your-own cigarettes. Once again, BaP
yields are averages of five observations
per brand. These values range from 22.92
to 26.27 ngper cigarette; the averagevalue
was 24.7 ng per cigarette.

The Occupational Safety and Health

Public Health Briefs

Administration (OSHA) in the United
States has set advisory levels for BaP of
0.2 p,g/m3 (8-hour time-weighted average
permissible exposure limit for occupa-
tional exposure).5 Assuming average
breathing rates of 0.63 m3/hour (women)
to 1.08 m3/hour (men) for alternating pe-
riods of light work and rest,'4 the permit-
tedmaximum amount ofinhaled BaP in an
occupational environment would be from
1.01 p,g in 8 hours to 1.73 p,g in 8 hours. A
pack-a-day smokerwho consumed 20 cig-
arettes in 8 hours could be expected to
inhale from 0.067 p,g to 0.568 ,g from this
source. Although the actual amount
would vary depending upon individual
smoking behavior, it is obvious that, for
smokers, cigarette smoke is a significant
source ofexposure to BaP, contributing as
much as one third the daily permitted ex-
posure recommended by OSHA.

To clarify the risk further, the state of
California mandates a "no significant
risk" level for BaP of 0.06 p,g per day.6 A
pack-a-day smoker (20 cigarettes) will in-
hale between one and ten times this level.
For smokers, current advisory levels
should be modified to take into account
the contribution from tobacco smoke.

Although BaP is just one of 60 to 70
known toxic constituents of tobacco
smoke,1',7 many smokers continue to be-
lieve that tar is the most significant toxic
constituent of tobacco smoke and that cig-
arettes with reduced tar are safer.1"15 One
reason for this misconception may be lack
of knowledge of the components of to-
bacco smoke in a famfliar context. l
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Intrdudion
Because of uncertainties inherent in

measurement of smoking behavior using
self-report,' biochemical measures are
frequentlyused tovalidate reported smok-
ing exposure. Although cotinine is often
the preferred biochemical measure of
smoking exposure,2 blood carbon monox-
ide concentration is useful in many cir-
cumstances. It is less expensive to mea-
sure and can discriminate smokeless
tobaccoproducts from cigarette, pipe, and
cigar smoking. It can also verify smoking
cessation in treatment programs using nic-
otine replacement. Carbon monoxide is
particularly useful in establishing health
risks of smoking because of its strong re-
lationship with cardiovascular disease.3

The current study sought to investi-
gate factors associated with discrepancies
between self-reported smoking status and
carboxyhemoglobin levels. By identifying
circumstances underwhich carboxyhemo-
globin levels and self-reported smokingsta-
tus do not agree, investigators can make
more informed judgments about the valid-
ity of these measures of smoking and the
associationsbetween smokingand morbid-
ity when carboxyhemoglobin is used.

Mehods
The study sample consisted of 6032

participants from the Second National
Health and Nutrition Examination Survey

(NHANES II), aged 18 to 74 years, who
completed a carboxyhemoglobin assess-
ment. Detailed description of the survey
methodology for NHANES II is avail-
able.4 Self-reported smoking status was
ascertained by asking participants wheth-
er they currently smoked cigarettes, how
many they smoked on average, and
whethertheysmoked cigars or pipes. Sub-
jects reporting no current use of tobacco
products were considered nonsmokers,
while those smoking pipes or cigars were
excluded. Carboxyhemoglobin concen-
trations, determinedby spectrographic as-
say,5 are expressed as percentages oftotal
hemoglobin combined with carbon mon-
oxide. Statistical analyses were per-
formed using the Statistical Analysis
System.6 Collinearity diagnostics, as dis-
cussed by Hosmer and Lemeshow,7 did
not reveal unreliable estimates.

Lisa M. Klesges iswith the Department ofBio-
statistics and Epidemiology, University ofTen-
nessee, Memphis. Robert C. Kiesges and Jef-
frey A. Cigrang are with the Center for Applied
Psychological Research, Department of Psy-
chology, Memphis State University, Memphis,
Tenn.

Requests for reprints should be sent to
Lisa M. Klesges, MS, Department of Biosta-
tistics and Epidemiology, University of Ten-
nessee, Memphis, TN 38163.

This paper was submitted to the Journal
February 4, 1991, and accepted with revisions
December 31, 1991.

July 1992, Vol. 82, No. 7


